Abstract Cisplatin is one of the most effective chemotherapeutic agents but injury may occur at higher doses. The aim of this study was to investigate the effect of bilberry on cisplatin induced toxic effects in rat ovary. Twenty-one female Wistar-Albino rats were utilized to form three groups: In group 1 (control group), each rat received intraperitoneal injection of 1 mL of 0.9 % NaCl saline solution during 10
Introduction
Cisplatin [CDDP, cis-diamminedichloroplatinum(II) ] is a potent chemotherapeutic agent used in the treatment of malignancies (Carter 1984) . However, the usage of CDDP is limited because of toxic effects on the tissue and organs such as ovary, kidney, liver etc. at high dose (Dillioglugil et al. 2005; Naziroglu et al. 2004; Zhang et al. 2011; Ueki et al. 2013) . Numerous mechanisms contribute to the harmful effect. The cytotoxicity of this drug is believed to result from the platinum binding to DNA. This DNAplatinum complex prevents efficient DNA replication and transcription. This reaction is responsible for the cytotoxic effect of CDDP (Kim et al. 2003) . Also, CDDP behaves as a direct cellular toxin, especially when the chloride level is low. The chloride molecules of CDDP exchange water inside of the cell. This reaction results in an increase at the production of reactive oxygen species (ROS). These free radicals and elevated malondialdehyde (MDA) levels alter the cellular structure and damage the tissue (Boulikas and Vougiouka 2003; Satoh et al. 2003) .
Oxidative stress is one of the most important mechanisms involved in CDDP-induced toxicity. The mitochondrion is the primary target for CDDPinduced oxidative stress, resulting in loss of mitochondrial protein-SH, inhibition of calcium uptake and a reduction in the mitochondrial membrane potential (Saad et al. 2004) . Cells develop various protective mechanisms to protect from oxidative stress. Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) activities are increased in cellular membranes due to CDDP induced nephrotoxicity (Noori and Mahboob 2010; Naqshbandi et al. 2012; Ueki et al. 2013) , hepatoxicity (Mansour et al. 2006; Kart et al. 2010; Longo et al. 2011) , ovarian toxicity (Gupta et al. 2006; Zhang et al. 2011 ). These antioxidant enzymes play an important role to avoid the oxidative injury (Gupta et al. 2006) . It is shown that antioxidant therapy reverses these raised enzyme activities (Caffrey and Frenkel 2000; Durak et al. 2009 ).
Gingko biloba extracts significantly prevented hair cell damage induced by cisplatin (Choi et al. 2013) . Riboflavin, folate, and the multiple-vitamin supplementation proved to be more efficacious in attenuating the cisplatin-induced intestinal damage and associated changes in apoptosis (Bodiga et al. 2012) . Dietary fish oil supplementation ameliorated cisplatin induced specific metabolic alterations and oxidative damage due to its intrinsic biochemical antioxidant properties (Naqshbandi et al. 2012) . Several agents/strategies were evaluated to prevent CDDP nephrotoxicity but were not found suitable for clinical practice. Bilberry is a natural antioxidant fruit containing chemical substances known as anthocyanosides (Ichiyanagi et al. 2004) . It constitutes a family of flavonoids that are widely distributed in colored fruits and vegetables (Goiffon et al. 1991; Matsumoto et al. 2001) . It is an excellent free-radical scavenger which has been utilized in the treatment of cancer and heart diseases. There are a lot of studies demonstrating protective effect of bilberry in different tissues and organs such as vascular tissues, intestine, heart, and retina (Bell and Gochenaur 2006) . Therefore, we thought that bilberry could be efficient against CDDP induced ovarian damage. There is no study indicating preventive effects of bilberry on oxidative stress and histopathologic events in ovaries. In this study, we aimed to show the effects of bilberry on ovarian toxicity due to CDDP administration.
Materials and methods

Chemicals
CDDP, purity 98 % was obtained from a pharmacy (Yozgat, Turkey). The treatment protocol used in this study was according to a previously reported study (Mansour et al. 2006) . Bilberry was supplied by a drugstore (Yozgat, Turkey). The treatment protocol used in this study to treat against liver and kidney toxicity has been previously reported by Bao et al. (2008a, b) .
Animals and experimental procedure
The experimental study protocol was approved by the Ethical Committee of the Cukurova University Medical Faculty. Twenty-one female adult Wistar-Albino rats weighing between 150 and 220 g were taken from the Cukurova University's Experimental Animal Laboratory TIBDAM Institute. Animals were acclimatized to the laboratory conditions 1 week before the start of the experiment. All rats were housed 10 days at 24 ± 2°C and provided with 12 h sunlight. Ad libitum feeding method was performed with standard laboratory diet.
All animals were allocated randomly into three groups. In group 1 (n = 7, control group), each rat received intraperitoneal (ip) injection of 1 mL of 0.9 % NaCl saline solution during 10-days. In group 2 (n = 7, CDDP group), a single dose ip of 7.5 mg/kg body weight (b.w.) CDDP was administered. In group 3 (n = 7, CDDP ? bilberry group), a single dose ip of 7.5 mg/kg b.w. CDDP and bilberry at 200 mg/kg b.w. was given for 10 days. After the completion of the drug doses, all rats were sacrificed. Ovaries were surgically removed, immediately washed with cold saline solution (0.9 % NaCl). Ovarian tissues were fixed 10 % formalin and stored at -80°C until analysis. Ovarian tissues were prepared for biochemical and light microscopic investigations at the examination times.
Sample collection and biochemical assays
The ovarian tissues were homogenized using a Teflon homogenizer (Heidolph Silent Crusher M, Schwabach, Germany), and then the homogenates were centrifuged at 10,0009g for 15 min at 4°C. All processes were carried out at 4°C. 0.5-1.0 g ovarian tissue homogenate was prepared for the analysis by biochemical assays. MDA level and SOD, CAT, GPx and GST activities were determined by measuring the absorbance of the samples in a spectrophotometer (Shimadzu UV 1800, Kyoto, Japan). Protein concentration was determined using bovine serum albumin (BSA) as standard according to Lowry et al. (1951) .
To determine the activity of CAT, 10 % homogenates of ovarian tissue, prepared in 0.9 % NaCl, were centrifuged at 8,5009g at 4°C for 15 min. In the supernatant (after dilution with phosphate buffer, pH 7.0), CAT enzyme activity was measured by assessing the hydrolysis of H 2 O 2 . The decrease was detected by absorbance at 240 nm (Aebi 1984) . Its activity was expressed as nmol/mg protein.
GPx activity was measured using H 2 O 2 as substrate according to the method described by Paglia and Valentine (1987) . The reaction was monitored indirectly as the oxidation rate of NADPH at 240 nm for 3 min. Enzyme activity was expressed as nmol/mg protein.
SOD activity was measured as the inhibition of autoxidation of pyrogallol, according to the method of Marklund and Marklund (1974) . Activity was monitored at 440 nm for 180 s (s). Data are expressed as U of SOD/mg hemoglobin.
GST activity was determined on the basis of conjugation of GSH (Glutathione) with 1-chloro-2,4-dinitrobenzene (CDNB) (Habig et al. 1974) . Increases in absorbance were recorded at 340 nm for 3 min. The specific activity of GST was expressed as nmol/mg protein.
MDA is generated by lipid peroxidation and was measured after incubation at 95°C with thiobarbituric acid (TBA) in aerobic conditions (pH 3.4). The MDA content was assayed using the TBA test (Ohkawa et al. 1979) . Absorbance was measured at 532 nm to determine the MDA content. Specific activity was expressed as nmol/mg protein.
Histopathological examinations
For histopathological examinations ovary samples were fixed for 24 h in 10 % formalin solution and embedded in paraffin after dehydration. Then 5-6 lm thick slices were cut from ovary blocks with a microtom and stained with hematoxylin and eosin (H&E). The sections were examined and photographed by using an Olympus BX-51 light microscope (Olympus Corp., Tokyo, Japan). At least five randomly selected ovarian sections were examined for the degree of vascular congestion, hemorrhage, follicular degeneration, leukocyte infiltration and interstitial edema. Each slide was examined and the severity of the changes observed were scored by using a scale of grade 0, grade I, grade II and grade III.
Statistical analysis
The Statistical Package Program for the Social Sciences (SPSS 11.0; SPSS Inc., Chicago, IL, USA) version 11.0 was used for statistical analysis. The significance was calculated using one-way analysis of variance (ANOVA) followed by Tukey multiple comparison procedure to calculate the significance. p \ 0.05 value was taken as statistically significant.
Results
Effects of CDDP and bilberry treatment on ovary histology
There was no difference between the CDDP ? bilberry-treated and the control group with respect to the macroscopic features.
The morphology of many different stages of developing follicles were detected normal in the control group (Fig. 1) . After 10 days of CDDP exposure, edema, hemorrhage and vascular congestion were detected in ovary tissues. In addition to these, leukocyte infiltration and follicular degeneration were observed in these tissues (Fig. 2a, b) . Treatment with bilberry effectively reduced the ovarian tissue damage. 10 days after bilberry ? CDDP was given to rats, edema and vascular congestion were detected Cytotechnology (2014) 66:677-685 679 ( Fig. 3a, b) . Hemorrhage, leukocyte infiltration and follicular degeneration were not observed in the bilberry ? CDDP-treatment group. Total tissue damage scores were shown in Table 1 . The pathological changes were scored as follows: grade 0, normal; grade I, mild edema, mild vascular congestion, no hemorrhage and no follicular degeneration, no leukocyte infiltration; grade II, moderate edema, moderate vascular congestion, no hemorrhage and no leukocyte infiltration; grade III, severe edema, severe vascular congestion, hemorrhage, follicular degeneration and leukocyte infiltration.
Evaluation of biochemical results
No death was observed in any of the experimental groups. The course of the enzymatic activities were presented in Figs. 4, 5, 6, 7 and 8 (mean ± SD). There were differences in the MDA and enzyme activities among the different treatment groups.
Malondialdehyde levels (MDA)
The MDA level significantly increased in the CDDPtreated group compared to the control group (p \ 0.01). A significant decrease of MDA level was observed in the bilberry ? CDDP-treated group compared to the CDDP-treated group (p \ 0.05), (Fig. 4) .
Superoxide dismutase activity (SOD)
SOD activity decreased in the CDDP-treated group compared to the control group (p \ 0.01). SOD activity increased in the bilberry ? CDDP-treated group compared to the CDDP-treated group (p \ 0.05), (Fig. 5) .
Catalase activity (CAT)
CAT activity significantly decreased in the CDDP and bilberry ? CDDP-treated groups compared to the control group. CAT activity increased in the bilberry ? CDDP-treated group compared to the CDDPtreated group (p \ 0.05), (Fig. 6 ).
Glutathione peroxidase activity (GPx)
A significant decreased of GPx activity was observed in the CDDP-treated group compared to the control groups (p \ 0.01). GPx activity increased in the bilberry ? CDDP-treated group compared to the CDDP-treated group (p \ 0.05), (Fig. 7) .
Glutathione-S-transferase activity (GST)
GST activity was statistically significantly decreased in the CDDP-treated groups compared to the control group. A significant increase in GST activity was observed in the bilberry ? CDDP-treated groups compared with the CDDP-treated group (p \ 0.05) (Fig. 8) .
Discussion
Antineoplastic drugs are used to treat malignancies of the testis, metastatic ovarian tumors, lung cancer and many other solid tumors (Sweetman 2002) . However, most of these agents are gonadotoxic and ovarian failure occurs in up to 40 % of patients (Dixit et al. 1997) . The improvement of antineoplastic therapy has resulted in an increase in survival rates. Therefore, the prevention of chemotheraphy related, especially CDDP induced gonadotoxicity has become more of an issue. In humans, CDDP has been demonstrated to cause increased incidences of premature ovarian failure (Meirow 2000) , ovarian dysfunctions such as menstrual disorders, premature menopause, infertility, etc., which resulted in a profound impact on patients' self-esteem and their life quality and also increased medical costs (Wallace et al. 1989; Nasir et al. 1997; Stroud et al. 2009 ). It was reported that chemotherapeutic medicines leading to either temporary or permanent infertility severely affected the ovaries and hormonal balance (DeVita et al. 2005) . In rats, CDDP has been shown to cause ovarian damage, at varying degrees ranging from minimal effects to ovarian failure, increased follicular apoptosis, decreased expression anti-Müllerian hormone (AMH), alterations in the estrous cycle, and a decrease in the number of AMH-producing follicles (Borovskaya et al. 2004; Yucebilgin et al. 2004; Yeh et al. 2006 Yeh et al. , 2008 . Our study has demonstrated that CDDP caused significant toxicity in the ovarian tissues of rats. Matsuo et al. (2007) reported that GnRH agonists are useful against chemotheraphy induced ovarian toxicity. They claimed that addition of Leuprorelin acetate protected primordial follicles from harmful effect of CDDP. Yeh et al. (2006) utilized the antioxidant sodium-2-mercaptoethanesulfonate (mesna) to preserve ovaries from CDDP induced toxic effect in rat model. It was found that the administration of mesna during low-dose CDDP treatment protected the ovaries by decreasing the loss of growing follicles in the ovaries (Yeh et al. 2008) . Oxidative stress induced by CDDP in the rat ovary tissue causes infertility in female rats. Mirtazapine reverses this in a dose-dependent manner (Altuner et al. 2013 ). Sharma and Goyal (2012) demonstrated the protective effects of Heliotropium eichwaldi against CDDP-induced nephrotoxicity in mice. CDDP damages the granulosa cells by oxidative stress to diminish the ovarian reserve but mesna (2-mercaptoethane sulfonate), a Food and Drug Administration approved antioxidant, could attenuate the cisplatin-induced ovarian damages (Li et al. 2013) . So, we hypothesized that utilization of a protective agent such as bilberry would be useful to preserve ovary against the CDDP induced toxicity.
Antioxidants were often used to antagonize the adverse effects caused by cisplatin by virtue of blocking oxidative stress (Li et al. 2013) . Overproduction of the oxygen free radicals induced oxidative stress, which was responsible for the CDDP-related tissue toxicity (Cepeda et al. 2007) . Oxygen free radicals affected the cell components such as lipid, protein, DNA and carbohydrates, in which lipids were the most sensitive. Oxygen free radicals enhanced lipid peroxidation which not only changed the fluidity and permeability of biomembranes, but also generated MDA, the stable end product, which caused the crosslinking and polymerization of macromolecules, such as proteins, nucleic acid, etc. Therefore, MDA level is a measure of lipid peroxidation and oxidative injury of the cell (Li et al. 2013) . It is increased in oxidative stress (Celik and Suzek 2009) . SOD, CAT, GPx and GST activities are increased to prevent ovarian tissue injury. These enzymatic systems localized in cellular membranes are the most important means to protect the tissue against injuries (Gupta et al. 2006; Sasaki and Joh 2007; Kara et al. 2012) . But, when the cells are exposed to highly elevated oxidative stress the antioxidant mechanism could be damaged leading to decreased antioxidant enzyme activities and their gene expressions (Rodriguez et al. 2004) . Similarly, in the previous studies, it has been reported that SOD, CAT, GPx and GST activities decreased in rat tissues by CDDP exposure (Li et al. 2013) . The decreased antioxidant enzymes activities might be associated with toxicity of CDDP on rat ovarian tissues.
Bilberry is a natural product and contains unique subtances preventing cellular damage. The pigments of the plant serve as a scavenger against the toxic effects of free radicals. It has been utilized for the treatment of oxidative stress on various tissues and organs (Jang et al. 2005; Jakesevic et al. 2011) . Ichiyanagi et al. (2004) identified the reactivities of twelve major anthocyanins in bilberry extracts towards reactive nitrogen species. They demonstrated that bilberry acts as a scavenger for superoxide anions and hydroxyl radicals. Milbury et al. (2007) reported that bilberry upregulates the oxidative stress related enzymes such as heme oxygenase-1 and glutathione-S-transferase. There are no data about the effect of bilberry against CDDP induced toxic effect in rat ovary. To the best our knowledge, this is the first study evaluating the effect of bilberry to protect ovarian tissue from damage by CDDP. In this prospective randomized trial, bilberry decreased the MDA levels and increased the protective enzymatic activities due to CDDP induced toxicity in rat ovary.
Histopathological changes were seen in the rat tissue after even a single dose of the CDDP. Attia (2012) demontrated that resveratrol has a protective role in CDDP-induced genotoxicity and apoptosis in somatic and germ cells of mice. Also, Ozer et al. (2011) have shown that misoprostol treatment after CDDP application protected the renal tissues from CDDP's side effect. Atessahin et al. (2006) have investigated histological examinations in testes and further indicated significant damage to Sertoli, Leydig and germ cell populations induced by CDDP. In another study, apoptosis in ovaries was studied after CDDP administration (Yeh et al. 2008) . In this study, administration of CDDP to rats increased severe edema, vascular congestion, hemorrhage, leukocyte infiltration and follicular degeneration in the ovary tissue. However, moderate pathological alterations were observed in rats treated with bilberry ? CDDP.
Only edema and vascular congestion were detected in this group. Thus, it appears that bilberry ameliorates CDDP induced toxicity but it dose not protect completely in rat ovary tissues.
In conclusion, bilberry has protective effects on histopathological changes induced by CDDP in rat ovarian tissue in our study. Ovarian tissue SOD, CAT, GPx and GST activities were significantly higher in the CDDP ? bilberry group than the CDDP group (p \ 0.05). Ovarian MDA levels were significantly lower in the CDDP ? bilberry group than in the CDDP-treatment groups (p \ 0.05). In the present experimental study, we observed that supplementation of bilberry prevented the ovarian tissue from the toxic influence of CDDP. Although our results suggested that bilberry can reduce CDDP ovarian toxicity, the degree of protection it provides is limited.
